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ABSTRACT 
With the drastic increase in global air transport, the operation of airports must weigh their 
operational performance and efficiency from time to time to regulate if the goals are being 
accomplished and how far they achieved compared to the best practices around the world. The main 
purpose of this paper is twofold. Firstly, to prioritize the key performance indicators (KPIs) for the 
selected key performing areas (KPAs) that can analyze and identify the determinant key 
performance indicators for small state-owned airports which can provide decision makers in Bhutan 
a useful and concrete structure to evaluate and monitor performance over the time. The other drive 
is to use the TOPSIS, a multi criteria decision analysis (MCDA) tools method to rank the weights of 
the KPIs to KPAs to assess overall airport performance based on the complete airport operation in 
small airports where no major involvements from global aviation organizations. The finding shows 
that the prioritized KPIs across key performing areas has the significant influence on the airport 
operation performance measurement at Paro International Airport. 
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1. INTRODUCTION 
The kingdom of Bhutan is a tiny land locked Buddhist nation struck between two giants, People’s 
Republic of China to the north and Republic of India to the south, where success is measured by 
Gross National Happiness (Bates, 2009). Bhutan is most special and preferred tourism destinations, 
unlocked its accesses to the outside world only few years ago (Dorji, 2001). A distinctive strategy 
of high value, low volume tourism maintained the country’s dream of keeping its virgin 
environment, century’s old tradition, culture values undamaged and more number of foreigners 
were fascinated with Gross National Happiness over Gross Domestic Product has mounted the 
pressure to open the doors to the outside world (Bakshi, 2005, Dorji & Chaisawat, 2011). 
The national carrier, Druk Air commenced its commercial operations with 18-seat Dornier 228-200 
on February 11, 1983, from Paro air strip in Bhutan (Bandyopadhyay, 2009). Owing to challenging 
terrain and climate situations, airport improvement and operation enhancement in the kingdom a 
major obstacle and must be operated entirely visual under VFR. There are substantial need for 
airports key performance and there are best reports available such as the Global Airport 
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Performance Benchmarking Reports 2003–2011, the Airport Performance Indicators and Review of 
Airport Charges reports by the Airport Service Quality Programme of Airports Council 
International, but all the published articles were focused on major airports and there are hardly any 
research papers available on smaller airports in the world. The target of this research is to examine 
the operational performance by considering the operational KPI of smaller state-owned airport with 
the aims to analyze and identify the determinant key performance indicators for the prioritizing 
operational KPI for smaller airports. 
 
2. LITERATURE REVIEW 
As for the professional-related literature, a guide to assist the airports around the globe to enhance 
their performance was published by (Wyman, 2012) offering a precise and suitable 42 sets 
indicators through six key performance areas. Determination of key performance indicators for 
estimating airport terminal achievement, a contextual investigation in Libya was studied by 
(Eshtaiwi et al 2018) on basic airport operation key performance indicators (KPIs) for Libyan air 
transport industry and found that there are significance of seventeen KPIs across five parts of 
airport performance in Libyan airports to benchmark their KPI to execute against other airports. 
Enoma & Allen (2007) studied on key performance indicators to find and experiment a set of KPI 
for airport operation administration centered on safety and security after 9/11 incident. Parmenter, 
(2007) said that KPI’s are used to evaluate the utmost and vital indicators of the airport performance 
but the instant tricky issue is to then decide which features to be measured, be it qualitative or 
quantitative since these indicators alone cannot explain anything unless links with historical data 
available of other airports. Francis, et al (2002) said that one way to do benchmarking is to study 
other airports. To categorize and integrate best practices for the purpose of economic perspective, 
the KPIs were used to make airports responsible and answerable to the public authorities 
(Humphreys, 2002). Granberg & Munoz (2013) has studied on five activities driven areas such as 
operations, economy, environmental issue, safety and security and customer service at airport to be 
used as a base for survey questionnaire from Swedish and Spanish airport managers. Doganis 
(2005), said that there are many explanations for airport managers and law makers to measure 
productiveness from economic and functioning approach to assess the other tactics for investment 
and to constant lookout for the safety and security at the airport and also to review the bad side of 
environmental issues..  
It is then decided to use the similar key performing areas as such used in the studies of major 
airports to evaluate the key performance indicators associated with the five key dimensions. 
  
Table 1: Airport Key Performance Area (KPAs) of Airport Operation 
Key Performing 
Areas (KPA) 
Definitions Reference 
Airport Referring to all the aircraft and logistical movements and flows Eshtaiwi et al 
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Operations  
(AO) 
at the airport  (2018) 
Airport 
Financial 
Perspective 
(AFP) 
Associated to the financial outcomes resulting from the 
interaction among an organization’s attributes, actions, and its 
environment, including the concepts of financial and economic 
performance  
George & 
Bezerra (2015) 
Environmental 
Issues 
Airport 
(AEI) 
Linked to the environmental issues created by aeronautical and 
airport operations that effect on the ecological sustainability 
involving noise, air quality, water quality, energy management 
and environmentalism (Granberg, 2013)   
Granberg 
(2013)   
Airport Safety 
and Security 
(ASS) 
The state in which risks associated with aviation activities, 
related to, or in direct support of the operation of aircraft, are 
reduced and controlled to an acceptable level to which people 
and properties within the airport’s boundaries are protected 
from potential injury/loss caused by deliberate illicit actions 
performed by people  
ICAO (2013) 
Airport 
Customer 
Service 
Airport(ACS) 
Customer service is the cooperative interaction between an 
airport's ability to meet customers’ needs and expectations 
consistently and matches its customers’ perception that their 
needs and expectations are well met. 
Paternoster 
(2008) 
 
Table 2: Key Performance Indicators (KPIs) of Airport Operation 
KPI References 
KPI01. Turnaround times  Granberg & Munoz (2013) 
KPI02. Arrival/ departure Efficiency  Cheng et al (2001)  
KPI03. Taxiing times from runways to gates/apron and vice-
versa 
Cheng et al (2001) 
KPI04. Baggage delivery time Wyman (2012) Andreatta et al 
(2007) 
KPI05. Cargo loading/ unloading Ohashi et al., (2005) 
KPI06. Aeronautical revenue per passenger Wyman (2012) 
KPI07. Non-aeronautical income per passenger Gillen, (2011). 
KPI08. Commercial income per square meter of floor space Humphreys and Francis (2002) 
KPI19. Energy Consumption Kılkış (2014) 
KPI10. Waste reduction & Recycling Pitt & Smith (2003). 
KPI11. Aircraft noise pollution ICAO (2009) 
KPI12. Management commitment and responsibility Stolzer et al (2008) 
KPI13. Coordination of emergency response planning Enoma et al (2009) 
KPI14. Safety risk assessment system ICAO (2009) 
KPI15. Continues improvement of SMS Chang, (2015) 
KPI16. Check-in time and processing times Bazerra and Gomes (2016) 
KPI17. Security control procedures and processing times Andreatta et al (2007) 
KPI18. Quality of signage/ease to find the way Humphreys & Francis (2002) 
KPI19. Custom, Immigration and Quarantine (CIQ) Martín (2006) 
KPI20. Weather condition Jardim et al (2015) 
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3. METHODOLOGY 
TOPSIS Multi Criteria Decision Making (MCDM), the Technique for Order Performance by 
Similarity to Ideal Solution (TOPSIS) is the best and well known method for solving MCDM 
problems developed by Hwang and Yoon (1981) and the method is constructed on the theory that 
the selected alternative should have the shortest distance to Positive Ideal Solution (PIS) and the 
farthest distance to Negative Ideal Solution (NIS) (Nădăban et al, 2016) Behzadian et al. (2012) 
mentioned amongst several MCDA/MCDM techniques developed to explain real-world decision 
problems, TOPSIS remains to work adequately through diverse application areas. Consequently, 
TOPSIS technique was recommended since it is fairly suitable and operational more than 
conventional TOPSIS to explain multi criteria decision making problems within uncertain situation 
and to cope with uncertainty in the findings and assessments of the decision makers. (Prakash & 
Barua, 2015). 
Definition  
1. Tzeng & Huang (2011) first step is to aggregate and normalised decision matrix. Consider xij be 
the numerical value of alternative i on criterion j. The corresponding normalised value rij is 
calculated: 
r x
x
i m j nij ij
ij
i
m
   
 
¦ 2
1
1 2 1 2, , ,..., ; , ,..., .
2. After normalization, calculate the weighted normalized decision (Krohling & Pacheco, 2015). 
The weighted decision matrix can be constructed by multiply each element of the normalized 
decision matrix with the random weights. The value vij of weighted normalised is defined as 
follows:
v w r i m j nij j ij   , , ,..., ; , ,...,1 2 1 2  
The wij is the weight attached to criterion j.  
 
3. Identify the Positive and Negative Ideal Solution (Srikrishan et al 2014). The ideal alternative A* 
and the negative ideal alternative A-, are defined as follows: 
A v j J v j J i m
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Where J and J’ are usually benefit and cost criteria but we will use only benefit for this research. 
(1) 
(4) 
(2) 
(3) 
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4. The distance si+ between alternative i and A* to be calculated as well as the distance si- between 
alternative i and A- (Ishizaka & Nemery, 2013). In TOPSIS, to calculate these distances, the n-
dimensional Euclidean distance is used. 
s v v i mi ij j
j
n
* *( ) , , ,...,   
 
¦ 2
1
1 2
 
and 
s v v i mi ij j
j
n
 
 
   ¦( ) , , ,...,2
1
1 2
 
5. Sirisawat & Kiatcharoenpol (2018) to calculate the Closeness coefficient (CCi) to the ideal 
alternative, defined as follows: 
    
  
 
  
    
  , 0<CCi*<1, i=1, 2,…..,m
6.  Rank the alternatives accordingly. 
The CCi of alternatives are ranked to the ideal solution in descending order.  
 
Table 3: Linguistic variables and numerical values for solutions ratings. 
 
 Numerical values Linguistic variables 
        5 Very Important (VI) 
        4 Important (I) 
        3 Medium(M) 
        2 Less Important (LI) 
        1 Not Important (NI) 
 
4. RESULT 
Table 4: Aggregate decision matrix 
 
 AO AFP AEI ASS ACS 
KPI01 4.9 2.8 3.0 4.1 4.6 
KPI02 4.6 3.3 2.8 3.8 4.4 
KPI03 4.7 2.7 2.8 3.8 4.0 
KPI04 4.4 2.8 2.3 3.5 4.6 
KPI05 4.2 3.3 2.3 3.4 4.6 
KPI06 4.0 5.0 2.4 2.5 3.4 
KPI07 3.6 4.5 2.5 2.7 3.3 
KPI08 3.5 4.9 2.8 2.6 3.3 
(5) 
(6) 
(7) 
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KPI09 3.3 4.4 4.3 2.4 2.1 
KPI10 3.2 3.0 4.8 2.7 2.8 
KPI11 3.9 2.2 4.5 3.1 3.3 
KPI12 3.2 3.0 4.8 2.7 2.8 
KPI13 3.9 2.2 4.5 3.1 3.3 
KPI14 4.4 2.9 3.9 3.6 3.0 
KPI15 4.7 3.8 3.8 4.7 4.1 
KPI16 4.8 3.0 2.9 4.7 3.8 
KPI17 4.6 3.0 3.2 4.8 3.8 
KPI18 4.7 2.7 2.4 4.2 4.4 
KPI19 4.0 2.6 3.1 3.8 8.1 
KPI20 4.4 2.9 3.9 3.6 3.0 
 
Table 5: Normalised decision matrix 
 
  AO AFP AEI ASS ACS 
KPI01 0.3 0.2 0.2 0.3 0.3 
KPI02 0.2 0.2 0.2 0.2 0.2 
KPI03 0.2 0.2 0.2 0.2 0.2 
KPI04 0.2 0.2 0.2 0.2 0.3 
KPI05 0.2 0.2 0.2 0.2 0.3 
KPI06 0.2 0.3 0.2 0.2 0.2 
KPI07 0.2 0.3 0.2 0.2 0.2 
KPI08 0.2 0.3 0.2 0.2 0.2 
KPI09 0.2 0.3 0.3 0.2 0.1 
KPI10 0.2 0.2 0.3 0.2 0.2 
KPI11 0.2 0.1 0.3 0.2 0.2 
KPI12 0.2 0.2 0.3 0.2 0.2 
KPI13 0.2 0.1 0.3 0.2 0.2 
KPI14 0.2 0.2 0.3 0.2 0.2 
KPI15 0.2 0.3 0.2 0.3 0.2 
KPI16 0.3 0.2 0.2 0.3 0.2 
KPI17 0.2 0.2 0.2 0.3 0.2 
KPI18 0.2 0.2 0.2 0.3 0.2 
KPI19 0.2 0.2 0.2 0.2 0.5 
KPI20 0.2 0.2 0.3 0.2 0.2 
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Table 6: Weighted normalized matrix 
 
  AO AFP AEI ASS ACS 
KPI01 0.053 0.038 0.039 0.051 0.051 
KPI02 0.049 0.045 0.036 0.048 0.049 
KPI03 0.050 0.036 0.036 0.048 0.045 
KPI04 0.047 0.037 0.030 0.044 0.051 
KPI05 0.045 0.043 0.030 0.043 0.051 
KPI06 0.043 0.067 0.031 0.031 0.038 
KPI07 0.038 0.060 0.032 0.034 0.036 
KPI08 0.037 0.066 0.037 0.032 0.036 
KPI09 0.035 0.059 0.055 0.030 0.023 
KPI10 0.034 0.040 0.062 0.034 0.031 
KPI11 0.042 0.029 0.058 0.039 0.036 
KPI12 0.034 0.040 0.062 0.034 0.031 
KPI13 0.042 0.029 0.058 0.039 0.036 
KPI14 0.047 0.039 0.051 0.046 0.033 
KPI15 0.050 0.050 0.050 0.059 0.046 
KPI16 0.052 0.040 0.038 0.059 0.043 
KPI17 0.049 0.040 0.041 0.060 0.043 
KPI18 0.050 0.036 0.031 0.052 0.049 
KPI19 0.043 0.035 0.040 0.047 0.090 
KPI20 0.047 0.039 0.051 0.046 0.033 
 
The aggregated decision matrix as shown in table 4 is obtained from 11 decision makers 
working in Paro International Airport. After the aggregation of decision matrix, equation (1) was 
applied to obtained table 5 which is normalized decision matrix of twenty key performances 
indicators under five Airport Key Performance Area of Airport Operation. 
 
Table 7: Calculated Closeness coefficient and final ranking of KPI(s) 
     
Code  KPI  Si+ Si- CCi Rank 
KPI01 Turnaround times  0.0543 0.0415 0.4331 3 
KPI02 Arrival/ departure Efficiency  0.0547 0.0387 0.4145 5 
KPI03 Taxiing times from runways to gates/apron and 
vice-versa 
0.0622 0.0333 0.3486 12 
KPI04 Baggage delivery time 0.0607 0.0347 0.3636 11 
KPI05 Cargo loading/ unloading 0.0583 0.0355 0.3785 9 
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KPI06 Aeronautical revenue per passenger 0.0673 0.0417 0.3827 8 
KPI07 Non-aeronautical income per passenger 0.0685 0.0343 0.3337 14 
KPI08 Commercial income per square meter of floor space 0.0671 0.0398 0.3722 10 
KPI09 Energy Consumption 0.0760 0.0390 0.3395 13 
KPI10 Waste reduction & Recycling 0.0728 0.0342 0.3198 19 
KPI11 Aircraft noise pollution 0.0701 0.0331 0.3205 17 
KPI12 Management commitment and responsibility 0.0728 0.0342 0.3198 20 
KPI13 Coordination of emergency response planning 0.0701 0.0331 0.3205 18 
KPI14 Safety risk assessment system 0.0659 0.0322 0.3284 15 
KPI15 Continues improvement of SMS 0.0492 0.0488 0.4979 2 
KPI16 Check-in waiting and processing times 0.0595 0.0410 0.4082 6 
KPI17 Security control waiting and processing times 0.0583 0.0414 0.4151 4 
KPI18 Quality of signage/ease to find the way 0.0602 0.0383 0.3887 7 
KPI19 Custom, Immigration and Quarantine (CIQ) 0.0420 0.0705 0.6266 1 
KPI20 Weather condition 0.0659 0.0322 0.3284 16 
Table 6 showed the weighted normalized matrix of twenty KPIs and KPAs, obtained from 
equation (2). Equation (3) and (4) stated that we should consider the KPIs with respect to benefits or 
cost. As the airport KPIs are considered as benefits criteria, equation (3) and (4) are used to obtain 
the ideal alternative and the negative ideal alternative, denoted as A* and A- respectively. In the 
next step the distance Si+ between alternative i and A* is calculated, as well as the distance Si- 
between alternative i and A- using equation (5) and (6) respectively as shown in table 7. Finally, 
using equation (7), Performance score (Ci) to the ideal alternatives of KPIs and final ranking of 
KPIs are calculated as shown in table 7.  
 
5. DISCUSSION  
This paper presented the operational performance by considering the operational KPI of smaller 
state-owned airport. Five Key Performing Areas (KPAs) of Airport Operation namely; Operations at 
airport, Financial Perspective of Airport, Environmental Issues at Airport, Safety and Security at 
Airport and Customer Service of Airport are used to rank the twenty key performance indicators as 
shown in table 7. The data collected from 11 experts working at Department of Air Transport, Paro 
International Airport were analyzed using TOPSIS to prioritize the importance of key performance 
indicators. 
Based on TOPSIS method, twenty key performances indicators are ranked as KPI19> 
KPI15>KPI01>KPI17>KPI02>KPI16>KPI18>KPI06>KPI05>KPI08>KPI04>KPI03>KPI09>KPI0
7>KPI14>KPI20>KPI11>KPI13>KPI10>KPI12. Custom, Immigration and Quarantine is the most 
important key performance indicators in Paro International Airport whereas, Management 
commitment and responsibility ranked the least key performance indicator. The overall ranking is 
shown in Table 7.  The result from this research can be used as guidelines for the strategic allocation 
of limited resources for airport operations.  
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